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P53 WILD-TYPE AS BIOMARKER FOR THE 
TREATMENT WITH MTOR INHIBITORS IN 

COMBINATION WITH A CYTOTOXIC 
AGENT 

This application claims bene?t of Us. Provisional Appli 
cation No. 60/546,856, ?led Feb. 23, 2004, Which in its 
entirety is herein incorporated by reference. 

The present invention relates to biomarkers for determin 
ing the sensitivity of proliferative diseases such as cancer to 
therapeutic agents, in particular mTOR inhibitors in combi 
nation With a cytotoxic agent. 
A number of mTOR inhibitors have potent antiprolifera 

tive properties Which make them useful for cancer chemo 
therapy, particularly of solid tumors, especially of advanced 
solid tumors. mTOR inhibitors have also been combined With 
certain cytotoxic agents to further improve the ef?ciency of 
the treatment or to reduce the side-effects, e. g. as disclosed in 
W0 02/ 66019. HoWever there is still a need for more targeted 
use of a combined therapy based on mTOR inhibitors, Which 
requires identi?cation of patients Which are likely to respond 
to treatment With such combined agents. Accordingly there is 
a need for biomarkers useful in eg clinical tests, Which are 
capable of predicting responsiveness of a benign or malignant 
proliferative disease, eg a tumor in a patient, to treatment 
With an mTOR inhibitor in association With a cytotoxic agent. 

It has surprisingly been found that the presence of a Wild 
type p53 tumor suppressor gene (otherWise also knoWn as the 
TP53 gene) is a useful biomarker Which is predictive of sen 
sitivity of proliferative diseases to treatment With a combina 
tion of an mTOR inhibitor With a cytotoxic agent. In particu 
lar, it has been found that the presence of a Wild-type p53 gene 
in human cancer cell lines correlates Well With increased cell 
killing/programmed cell death/apopto sis resulting from treat 
ment With an mTOR inhibitor in combination With a cytotoxic 
agent that damages or affects the integrity of DNA. Hence, 
mTOR inhibitors combined With a cytotoxic agent are more 
likely to shoW a more signi?cant antiproliferative/ cell killing 
effect When used to treat cancer cells Which retain Wild-type 
p53. The p53 protein (encoded by the TP53 gene) is a tumor 
suppressor Which plays a major role in the regulation of cell 
cycle arrest, senescence, differentiation and programmed cell 
death/apoptosis in mammalian cells. In particular, the p53 
pathWay induces cell cycle arrest and/or apoptosis in mam 
malian cells exposed to stress (e. g. DNA damage, oncogenic 
stress, hypoxia, lack of survival signals). Mutations in TP53 
occur in about half of all human cancers, and the ability to 
induce a p53 response is compromised in many cancer cells 
(Vousden and Lu, Nature RevieWs, 2002, 2:594-604). The 
sequence of human p53 (mRNA [coding sequence; 1182 
nucleotides] and protein [393 amino acids]) is available under 
GenBank accession numbers NM 000546 or P04637. The 
complete sequence of the human TP53 gene is available under 
GenBank accession number U94788. 

Accordingly, the present invention is based on the deter 
mination of the presence of a Wild-type p53 (TP53) gene in 
cells Which are prone to abnormal proliferation. 

The present invention provides in one aspect the use of the 
presence of Wild-type p53 (TP53) gene (as opposed to the 
absence, de?ciency or deletion of the p53 [TP53] gene or the 
presence of a mutated p53 [TP53] gene) as a biomarker for 
determining the sensitivity of a proliferative disease to treat 
ment With an mTOR inhibitor in combination With a cytotoxic 
agent. 
By Wild-type p53 (TP53) gene is meant not only the introns 

and exons but also regulatory regions associated With, and 
physically close to, the introns and exons, particularly those 5' 
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2 
to the 5'-most exon. It includes eg the full length DNA 
sequence of the natural gene and optionally nucleotide sub 
stitutions (including inversions), insertions and deletions of 
codons, provided that it expresses the Wild-type p53 protein 
or a functional equivalent thereof, eg a functional p53 pro 
tein retaining its cell apoptosis-inducing properties. Con 
versely, absence, de?ciency, deletion or mutation of the p53 
(TP53) gene is meant for genetic and epigenetic changes eg 
ampli?cation, methylation, polymorphisms, nucleotide 
mutations, deletions, inversions or translocations and loss of 
heteroZygosity (LOH) Which results in loss of p53 (TP53) 
gene expression or expression of a mutated gene Which e.g. 
results in expression of a mutated p53 protein Which no longer 
retains cell apoptosis-inducing properties. 

In a further aspect the invention provides a method for 
determining the sensitivity of a proliferative disease in a 
subject to treatment With an mTOR inhibitor in combination 
With a cytotoxic agent, comprising determining p53 (TP53) 
status (Wild-type versus mutant or de?cient/absent) in a 
sample derived from the subject. 

In another aspect the invention provides a method of select 
ing subjects suffering from a proliferative disease for treat 
ment With an mTOR inhibitor in association With a cytotoxic 
agent, comprising determining the sensitivity of the prolif 
erative disease to the combined treatment in each subject by a 
method as described above, and selecting those subjects 
retaining a Wild-type p53 (TP53) gene for said combined 
treatment. 

The term “mTOR inhibitor” as used herein includes, but is 
not limited to rapamycin (sirolimus) or a derivative thereof. 
Rapamycin is a knoWn macrolide antibiotic produced by 
Slreplomyces hygroscopicus. Suitable derivatives of rapamy 
cin include e.g. compounds of formula A 

Wherein 

R is CH3 or C3_6alkynyl, 

RZM is H or 4CH2iCH2iOH, 3-hydroxy-2-(hydroxym 
ethyl)-2-methyl-propanoyl or tetraZolyl, and 

provided that R is other than H When Xaa is :O and R 
is CH3. 

Iaa 

241a Iaa 



US 7,749,698 B2 
3 

or a prodrug thereof When RZM is 4CH24CH24OH, e. g. a 
physiologically hydrolysable ether thereof. 
Compounds of formula A are disclosed eg in WO 

94/09010, WO 95/16691, WO 96/41807, U.S. Pat. No. 5,362, 
718 or W0 99/ 15530 Which are incorporated herein by ref 
erence. They may be prepared as disclosed or by analogy to 
the procedures described in these references. 

Representative rapamycin derivatives of formula I are e.g. 
32-deoxorapamycin, 16-pent-2-ynyloxy-32-deoxorapamy 
cin, 16-pent-2-ynyloxy-32(S or R)-dihydro-rapamycin, 
16-pent-2-ynyloxy-32(S or R)-dihydro-40-O-(2-hydroxy 
ethyl)-rapamycin, 40- [3 -hydroxy-2 -(hydroxymethyl) -2 -me 
thylpropanoate]-rapamycin (also called CCI779) or 40-epi 
(tetraZolyl)-rapamycin (also called ABT578). A preferred 
compound is eg 40-0-(2-hydroxyethyl)-rapamycin dis 
closed in Example 8 in WO 94/09010, or 32-deoxorapamycin 
or 16-pent-2-ynyloxy-32(S)-dihydro-rapamycin as disclosed 
in WO 96/41807. Rapamycin derivatives may also include the 
so-called rapalogs, eg as disclosed in WO 98/02441 and 
WO01/14387, e.g. AP23573, AP23464, AP23675 or 
AP23841. Further examples of a rapamycin derivative are 
those disclosed under the name TAFA-93 (a rapamycin pro 
drug), biolimus-7 or biolimus-9. 

In each case Where citations of patent applications or sci 
enti?c publications are given, the subject-matter relating to 
the compounds is hereby incorporated into the present appli 
cation by reference. Comprised are likeWise the pharmaceu 
tically acceptable salts thereof, the corresponding racemates, 
diastereoisomers, enantiomers, tautomers as Well as the cor 
responding crystal modi?cations of above disclosed com 
pounds Where present, e.g. solvates, hydrates and polymor 
phs, Which are disclosed therein. The compounds used as 
active ingredients in the combinations of the invention can be 
prepared and administered as described in the cited docu 
ments, respectively. 

The term “cytotoxic agent” as used herein is an agent 
Which is harmful to cell structure and function, eg that 
damages or affects the DNA integrity, and may ultimately 
cause cell death, eg a antineoplastic drug, for instance a 
microtubule active agent or especially a drug Which damages 
DNA, for example an antineoplastic antimetabolite, a platin 
compound, an alkylating agent or a topoisomerase I or II 
inhibitor. The term “cytotoxic agent” also includes an irradia 
tion treatment Which causes DNA damage, e. g ioniZing radia 
tion, e.g. radioactive iodine. Such irradiation treatment may 
also be combined With the cytotoxic agent therapy. The term 
“cytotoxic agent” also includes one, tWo or more cytotoxic 
agents Which may be administered in the form of a “cocktail” 
therapy. 

The term “topoisomerase I inhibitor” as used herein 
includes, but is not limited to topotecan, irinotecan, gimate 
can, 9-nitrocamptothecin and the macromolecular camptoth 
ecin conjugate PNU-166148 (compound A1 in WO99/ 
17804). Irinotecan can be administered, e. g. in the form as it 
is marketed, e.g. under the trademark CAMPTOSARTM. 
Topotecan can be administered, e.g., in the form as it is 
marketed, e. g. under the trademark HYCAMTINTM. 

The term “topoisomerase II inhibitor” as used herein 
includes, but is not limited to the anthracyclines such as 
doxorubicin (including liposomal formulation, e.g. CAE 
LYXTM), daunorubicin, epirubicin, idarubicin and nemorubi 
cin, the anthraquinones mitoxantrone and losoxantrone, and 
the podophillotoxines etoposide and teniposide. Etoposide 
can be administered, eg in the form as it is marketed, e.g. 
under the trademark ETOPOPHOSTM. Teniposide can be 
administered, eg in the form as it is marketed, e.g. under the 
trademark VM 26-BRISTOLTM. Doxorubicin can be admin 
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4 
istered, eg in the form as it is marketed, e.g. under the 
trademark ADRIBLASTINTM. Epirubicin can be adminis 
tered, e. g. in the form as it is marketed, e.g. under the trade 
mark FARMORUBICINTM. Idarubicin can be administered, 
eg in the form as it is marketed, e.g. under the trademark 
ZAVEDOSTM. Mitoxantrone can be administered, eg in the 
form as it is marketed, e. g. under the trademark 
NOVANTRONTM. 
The term “microtubule active agent” relates to microtubule 

stabiliZing and microtubule destabiliZing agents including, 
but not limited to taxanes, e.g. paclitaxel and docetaxel, vinca 
alkaloids, e.g., vinblastine, especially vinblastine sulfate, vin 
cristine especially vincristine sulfate, and vinorelbine, disco 
dermolides and epothilones and derivatives thereof, eg 
epothilone B or a derivative thereof. Paclitaxel may be admin 
istered eg in the form as it is marketed, e.g. TAXOLTM. 
Docetaxel can be administered, e.g., in the form as it is mar 
keted, e. g. under the trademark TAXOTERETM. Vinblastine 
sulfate can be administered, e. g., in the form as it is marketed, 
e.g. under the trademark VINBLASTIN R.P.TM. Vincristine 
sulfate can be administered, e. g., in the form as it is marketed, 
e.g. under the trademark FARMISTINTM. Discodermolide 
can be obtained, e.g., as disclosed in Us. Pat. No. 5,010,099. 
The term “alkylating agent” as used herein includes, but is 

not limited to cyclophosphamide, ifosfamide, melphalan or 
nitrosourea (BCNU or GliadelTM). Cyclophosphamide can be 
administered, e.g., in the form as it is marketed, e. g. under the 
trademark CYCLOSTINTM. Ifo sfamide can be administered, 
e.g., in the form as it is marketed, e.g. under the trademark 
HOLOXANTM. 
The term “antineoplastic antimetabolite” includes, but is 

not limited to 5-?uorouracil, tegafur, capecitabine, cladrib 
ine, cytaribine, ?udarabine phosphate, ?uorouridine, gemcit 
abine, 6-mercaptopurine, hydroxyurea, methotrexate, edatr 
exate and salts of such compounds, and furthermore ZD1694 
(RALTITREXEDTM), LY231514 (ALIMTATM), LY264618 
(LOMOTREXOLTM) and OGT719. Capecitabine can be 
administered, e.g., in the form as it is marketed, e. g. under the 
trademark XELODATM. Gemcitabine can be administered, 
e.g., in the form as it is marketed, e.g. under the trademark 
GEMZARTM. 
The term “platin compound” as used herein includes, but is 

not limited to carboplatin, cisplatin and oxaliplatin. Carbopl 
atin can be administered, e.g., in the form as it is marketed, 
e. g. under the trademark CARBOPLATTM. Oxaliplatin can be 
administered, e.g., in the form as it is marketed, e. g. under the 
trademark ELOXATINTM. 
The proliferative disease may be a benign or malignant 

proliferative disease, eg benign prostatic hyperplasia, or a 
neoplastic disease, preferably a malignant proliferative dis 
ease, eg a cancer, e. g. tumors and/ or metastasis (Where ever 
located), e. g. brain and other central nervous system tumors 
(eg. tumors of the meninges, brain, spinal cord, cranial nerves 
and other parts of central nervous system, e. g. glioblastomas 
or medulla blastomas); head and/or neck cancer; breast 
tumors; circulatory system tumors (e.g. heart, mediastinum 
and pleura, and other intrathoracic organs, vascular tumors 
and tumor-asso-ciated vascular tissue); excretory system 
tumors (eg. kidney, renal pelvis, ureter, bladder, other and 
unspeci?ed urinary organs); gastrointestinal tract tumors 
(e.g. oesophagus, stomach, small intestine, colon, colorectal, 
rectosigmoid junction, rectum, anus and anal canal), tumors 
involving the liver and intrahepatic bile ducts, gall bladder, 
other and unspeci?ed parts of biliary tract, pancreas, other 
and digestive organs); head and neck; oral cavity (lip, tongue, 
gum, ?oor of mouth, palate, and other parts of mouth, parotid 
gland, and other parts of the salivary glands, tonsil, orophar 
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ynx, nasopharynx, pyriform sinus, hypopharynx, and other 
sites in the lip, oral cavity and pharynx); reproductive system 
tumors (e.g. vulva, vagina, Cervix uteri, Corpus uteri, uterus, 
ovary, and other sites associated With female genital organs, 
placenta, penis, prostate, testis, and other sites associated 
With male genital organs); respiratory tract tumors (e.g. nasal 
cavity and middle ear, accessory sinuses, larynx, trachea, 
bronchus and lung, e.g. small cell lung cancer or non-small 
cell lung cancer); skeletal system tumors (e.g. bone and 
articular cartilage of limbs, bone articular cartilage and other 
sites); skin tumors (e.g. malignant melanoma of the skin, 
non-melanoma skin cancer, basal cell carcinoma of skin, 
squamous cell carcinoma of skin, mesothelioma, Kaposi’s 
sarcoma); and tumors involving other tissues including 
peripheral nerves and autonomic nervous system, connective 
and soft tissue, retroperitoneum and peritoneum, eye and 
adnexa, thyroid, adrenal gland and other endocrine glands 
and related structures, secondary and unspeci?ed malignant 
neoplasm of lymph nodes, secondary malignant neoplasm of 
respiratory and digestive systems and secondary malignant 
neoplasm of other sites, tumors of blood and lymphatic sys 
tem (e.g. Hodgkin’s disease, Non-Hodgkin’s lymphoma, 
Burkift’s lymphoma, AIDS-related lymphomas, malignant 
immunoproliferative diseases, multiple myeloma and malig 
nant plasma cell neoplasms, lymphoid leukemia, acute or 
chronic myeloid leukemia, acute or chronic lymphocytic leu 
kemia, monocytic leukemia, other leukemias of speci?ed cell 
type, leukemia of unspeci?ed cell type, other and unspeci?ed 
malignant neoplasms of lymphoid, haematopoietic and 
related tissues, for example diffuse large cell lymphoma, 
T-cell lymphoma or cutaneous T-cell lymphoma). Myeloid 
cancer includes e.g. acute or chronic myeloid leukaemia. 
Where hereinbefore and subsequently a tumor, a tumor 

disease, a carcinoma or a cancer is mentioned, also metastasis 
in the original organ or tissue and/ or in any other location are 
implied alternatively or in addition, Whatever the location of 
the tumor and/or metastasis is. 

The term cytotoxic agent may also, in case of a lymphatic 
or myeloid cancer, be e.g. busulfan, cytarabine, 6-thiogua 
nine, ?udarabine, hydroxyurea, procarbaZine, bleomycin or 
methotrexate. Topoisomerase II inhibitors e,g. daunorubicin 
or idarubicin or, particularly, compounds Which target, 
decrease or inhibit the activity of PDGFR or of c-Abl family 
members and their gene fusion products, eg imatinib, farne 
syltransferase inhibitors, Ara-C, VP-l6, Teniposide, Mitox 
antrone, Carboplatin or midostaurine are preferred as cyto 
toxic agent in case of a lymphatic or myeloid cancer. 

According to the method of the present invention, subjects 
suffering from such a proliferative disease can be screened in 
order to predict their sensitivity to a combined treatment of 
mTOR inhibitors With a cytotoxic agent. The method may be 
performed in vitro, eg on a sample of biological tissue 
derived from the subject. The sample may be any biological 
material separated from the mammalian body such as eg 
tissue, cell lines, plasma or serum, cell or tissue lysate, pref 
erably tumor tissue. 

The status of the p53 (TP53) gene is assayed in the bio 
logical sample by any technical means on the basis of eg 
DNA analysis for genetic and epigenetic changes eg DNA 
scanning for ampli?cation, methylation, polymorphisms, 
nucleotide mutations (e.g. mutations of codons l75Arg, 
245Gly, 248Arg, 249Arg, 273Arg, 282Arg and others) nucle 
otide deletions, inversions and/or translations and loss of 
heteroZygosity (LOH). p53 (TP53) status is assayed in the 
biological samples by any technical means on the basis of eg 
RNA expression using for example the techniques of northern 
blotting or RT-PCR or on the basis of eg protein expression/ 
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6 
modi?cations using for example the technique of Western 
blotting, immunohistochemistry or ELISA, including immu 
noassays, immunoprecipitation and electrophoresis assays. 

For example, antibodies speci?c for p53 protein or p53 
post-translational modi?cations such as phosphorylation 
(e.g. phosphorylation of Ser46), ubiquitination or acetylation 
may be used in a standard immunoassay format to measure 
p53 protein/phosphorylation/ubiquitination/acetylation lev 
els. ELISA (enzyme linked immunosorbent assay) type 
assays, immunoprecipitation type assays, conventional West 
ern blotting assays and immunohistochemistry assays using 
eg monoclonal or polyclonal antibodies are also utiliZed to 
determine levels of p53 protein/post-translational modi?ca 
tions as a biomarker. 

Polyclonal and monoclonal antibodies speci?c to p53 pro 
tein/post-translational modi?cations are produced in accor 
dance With knoWn immuniZation methods or are commer 

cially available (e. g. Santa Cruz Biotechnology Inc catalogue 
#sc6253). 
The p53 status may also be measured by tWo-dimensional 

(2-D) gel electrophoresis. 2-D gel electrophoresis is knoWn in 
the art and typically involves isoelectric focusing (IEF) along 
a ?rst dimension folloWed by SDS-PAGE (sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis) along a second 
dimension. The resulting electrophero grams are analyZed, for 
example, by immunoblot analysis using antibodies. 
The present invention thus provides a method of screening 

subjects suffering from a proliferative disease in order to 
predict their responsiveness to a combined treatment With an 
mTOR inhibitor and a cytotoxic agent, comprising determin 
ing the p53 (TP53) status by a method as de?ned above. 

In a further aspect, the present invention provides a method 
of treating a proliferative disease in a subject in need thereof, 
comprising determining the status of the p53 (TP53) gene or 
the level of p53 expression and/or post-translational modi? 
cations in a sample derived from the subject, by a method as 
described above, and treating the subject With an mTOR 
inhibitor in combination With a cytotoxic agent accordingly. 

In an alternative embodiment, the present invention pro 
vides a method for enhancing the activity of a cytotoxic agent 
or for overcoming resistance to a cytotoxic agent in a subject 
in need thereof, comprising determining the status of the p53 
(TP53) gene/expression in a sample derived from the subject, 
by a method as described above, and administering to said 
subject a therapeutically effective amount of an mTOR 
inhibitor, either concomitantly or sequentially With said cyto 
toxic agent. 

p53 (TP53) status in a particular tissue from a subject, eg 
a sample of tumor tissue, may be compared With a control 
sample, eg a sample of normal tissue from a subject not 
suffering from the disease, or a sample of normal (i.e non 
tumor) tissue from the same subject. The p53 (TP53) Wild 
type status level at Which use of an mTOR inhibitor in asso 
ciation With a cytotoxic agent is indicated, is predictive of a 
bene?cial therapeutic effect (i.e. an antiproliferative and/or 
increased cell killing effect) of a combined treatment of an 
mTOR inhibitor With a cytotoxic agent. 

Moreover, the method may be used to aid selection of an 
appropriate dose of a cytotoxic agent and/or an mTOR inhibi 
tor in order to individually optimise therapy for each patient. 
Depending on the p53 Wild-type status in a patient, loWer 
doses of the active ingredients of the combination can be 
used; for example, the dosages need not only often be smaller 
but may also be applied less frequently, or can be used in order 
to diminish the incidence of side-effects, While controlling 
the undesired proliferation. Factors for consideration in this 
context include the particular condition being treated, the 
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particular mammal being treated, the clinical condition of the 
individual patient, the site of delivery of the active com 
pounds, the particular type of the active compounds, the 
method of administration, the scheduling of administration, 
the severity of the condition and other factors knoWn to medi 
cal practitioners. 

The terms “combined treatment” or “in combination With” 
or “in association With” or the like as utiliZed herein are meant 
to encompass administration of the selected mTOR inhibitor 
and cytotoxic agent to a single patient, and are intended to 
include treatment regimens in Which the agents are not nec 
essarily administered by the same route of administration or 
at the same time. For example, the mTOR inhibitor and the 
cytotoxic agent may be administered to a patient as separate 
entities either simultaneously, concurrently or sequentially 
With no speci?c time limits, Wherein such administration 
provides therapeutically effective levels of the tWo com 
pounds in the body. 

The therapeutically effective amount of each active com 
ponent of the combination to be administered Will be gov 
erned by considerations as mentioned above, and is the mini 
mum amount necessary to prevent, ameliorate, or treat the 
disease. Such amount is preferably beloW the amount that is 
toxic to the host or Which renders the host signi?cantly more 
susceptible to infections. 

Appropriate doses of an mTOR inhibitor are eg as dis 
closed in W0 02/ 6601 9, eg daily dosage rates of the order of 
ca. 0.1 to 30 mg, eg from ca. 0.05 to 20 mg active ingredient 
p.o., as a single dose or in divided doses or intermittent, e.g. 
once a Week. Rapamycin or a derivative thereof, e. g. a com 

pound of formula A, may be administered by any conven 
tional route, in particular enterally, e. g. orally, e. g. in the form 
of tablets, capsules, drink solutions or parenterally, eg in the 
form of injectable solutions or suspensions, containing, for 
example, from about 0.1% to about 99.9%, preferably from 
about 1% to about 60%, of the active ingredient(s). 

Topotecan may be administered to a human in a dosage 
range varying from about 1 to 5 mg/m2 day. Irinotecan may be 
administered to a human in a dosage range varying from 
about 50 to 350 mg/m2 day. 

Paclitaxel may be administered to a human in a dosage 
range varying from about 50 to 300 mg/m2 day. Docetaxel 
may be administered to a human in a dosage range varying 
from about 25 to 100 mg/m2 day. 

Cyclophosphamide may be administered to a human in a 
dosage range varying from about 50 to 1500 mg/m2 day. 
Melphalan may be administered to a human in a dosage range 
varying from about 0.5 to 10 mg/m2 day. 

5-Fluorouracil may be administered to a human in a do sage 
range varying from about 50 to 1000 mg/m2 day, eg 500 
mg/m2 day. Capecitabine may be administered to a human in 
a dosage range varying from about 10 to 1000 mg/m2 day. 
Gemcitabine hydrochloride may be administered to a human 
in a dosage range varying from about 1000 mg/mZ/Week. 

Carboplatin may be administered to a human in a dosage 
range varying from about 200 to 400 mg/m2 about every four 
Weeks. Cisplatin may be administered to a human in a dosage 
range varying from about 25 to 75 mg/m2 about every three 
Weeks. Oxaliplatin may be administered to a human in a 
dosage range varying from about 50 to 85 mg/m2 every tWo 
Weeks. 

Imatinib may be administered to a human in a dosage in the 
range of about 2.5 to 850 mg/day, more preferably 5 to 600 
mg/day and most preferably 20 to 300 mg/day. 
A preferred combination to be used in a method in accor 

dance With the invention is eg a combination of rapamycin, 
40-[3 -hydroxy-2-(hydroxymethyl)-2-methylpropanoate]-ra 
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8 
pamycin or 40-O-(2-hydroxyethyl) rapamycin With a cyto 
toxic agent such as gemcitabine or cisplatin. An alternative 
combination to be used in a method according to the invention 
is a combination in synergistic amounts of an mTOR inhibitor 
With a cytotoxic agent, e.g. gemcitabine or cisplatin, eg as 
disclosed above. 

Preferably TP53 is the human gene. 
Preferably the methods of the invention are performed on 

tumor cells presenting a p53 (TP53) Wild-type status. 
In a further embodiment, it has surprisingly been found that 

the increased cell killing/programmed cell death/apoptosis 
resulting from treatment With an mTOR inhibitor in combi 
nation With a cytotoxic agent in p53 (TP53) Wild-type cells is 
associated With a strong attenuation of cytotoxic-induced 
upregulation of p21 Wa?/CZPI (also knoWn as CDKNlA, 
WAFl, CIPl, SDI1, CAP20, MDA-6, p21) protein expres 
sion, referred to hereafter as p21. 

p21 is a member of the cip/kip family of cyclin kinase 
“inhibitors”, Which plays a role in alloWing cell cycle transit 
as Well as preventing apoptosis. In the context of the present 
invention, the function of p21 to arrest cell groWth in response 
to stress signals, e.g. DNA damage, in response to activated 
p53 is Well established. Indeed, it is postulated that increased 
p21 protein expression alloWs such stressed cells to survive, 
e.g. alloWing the cell to complete the DNA repair process. 
Hence, attenuation of increased p21 expression in response to 
treatment With cytotoxics may promote cell killing/pro 
grammed cell death/apoptosis (Weiss, Cancer Cell, 2003, 
4:425-429). The sequence of human p21 (mRNA [coding 
sequence: 495 nucleotides] and protein product [164 amino 
acids]) is available under GenBank accession number NM 
000389, NM 078467 or AAH01935. The complete sequence 
of the human p21 gene is available under GenBank accession 
number NM 078467. 

Furthermore, some cancer patients have increased total or 
cyto solic tumor p21 expression Which has been linked to poor 
prognosis and poor response to chemotherapy (Weiss, supra). 
The asses sment of the basal p21 expression in a cancer patient 
may also alloW to select the patients for a speci?c chemo 
therapeutic treatment, e. g. based on mTOR therapy in com 
bination With one or more cytotoxic agents and optionally 
radiotherapy. 

Accordingly, the present invention further provides: 

i. use of p21 as a biomarker for determining the sensitivity or 
response of a proliferative disease in a subject to treatment 
With an mTOR inhibitor in combination With a cytotoxic 
agent; 

ii. a method of selecting subjects suffering from a prolifera 
tive disease for treatment With an mTOR inhibitor in combi 
nation With a cytotoxic agent, comprising determining the 
sensitivity of the proliferative disease to treatment With an 
mTOR inhibitor in combination With a cytotoxic agent in 
each subject by a method as described above, and selecting 
those subjects shoWing increased basal p21 expression for 
combination treatment; 

iii. a method for determining the sensitivity or response of a 
proliferative disease in a subject to a treatment With an mTOR 
inhibitor, in combination With a cytotoxic agent, comprising 
determining in a sample derived from the subject the level of 
p21 expression before and/or after treatment With the cyto 
toxic agent alone and in combination With an mTOR inhibi 
tor; 

iv. a method for enhancing the activity of a cytotoxic agent or 
for overcoming resistance to a cytotoxic agent in a subject 
treated With said cytotoxic agent, comprising 
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determining the level of p21 expression in a sample derived 
from the subject, by a method as described above, 

if p21 expression is upregulated after administration of a 
cytotoxic agent, administering to said subject a thera 
peutically effective amount of an mTOR inhibitor in 
combination With the cytotoxic agent, 

determining again the level of p21 expression in a neW 
sample derived from the subject after the treatment With 
the combination of the mTOR inhibitor and the cyto 
toxic agent, and 

if p21 expression is doWnregulated, further treating the 
subject With the mTOR inhibitor either concomitantly or 
sequentially With said cytotoxic agent. 

As already mentioned above, p21 protein levels may be 
determined as disclosed above for p53; hoWever, instead of 
using antibodies speci?c to p53, it is understood to use an 
antibody speci?c for p21, eg a monoclonal or polyclonal 
antibody, eg as commercially available (eg Oncogene 
Research products, Clone EA10, catalogue #OP64). 

The level found in a particular tissue from a subject, eg a 
sample of tumor tissue, may be compared With a control 
sample, eg a sample of normal tissue from a subject not 
suffering from the disease, or a sample of normal (i.e non 
tumor) tissue from the same subject. A lack of or attenuation 
of the induction of p21 expression (When treated With an 
mTOR inhibitor in combination With a cytotoxic agent as 
compared to the induction observed With the cytotoxic agent 
alone) is predictive of a bene?cial therapeutic effect (i.e. an 
antiproliferative/cell killing effect) of an mTOR inhibitor in 
combination With a cytotoxic agent. The assessment of the 
induction of p21 expression by the cytotoxic agent and/or of 
the reversing effect by the mTOR inhibitor on p21 expression 
level may also be useful to adapt the doses of the cytotoxic 
agent, eg to reduce the cytotoxic dose. 

The present Examples illustrate the invention Without any 
limitation. 

EXAMPLE 1 

p53 (TP53) Wild-type human adenocarcinoma A549 
(CCL-185) tumor cells (American Type Culture Collection, 
Rockville, Md., USA) are seeded at a density of 2><103 cells/ 
100 pl per Well in 96-Well plates and incubated for 24 hours at 
37° C. and 5% CO2. Cells are incubated With suboptimal 
concentrations of gemcitabine (eg 5 to 17.5 nM) either in 
combination With 20 nM 40-O-(2-hydroxyethyl) rapamycin 
or With the vehicle-control DMSO for an additional 72 hours. 

YO-PRO dye (YO-PROR-l iodide [491/509], cat #Y3603, 
Molecular Probes) is added to the cells and a Cyto?uor II 
Fluorescence plate reader is used to determine cell death or 
cytotoxicity and, after cell lysis, the relative cell proliferation. 
In this assay, the mTOR inhibitor, e. g. 40-O-(2-hydroxyethyl) 
rapamycin, causes a statistically signi?cant potentiation of 
the cell killing effect of suboptimal concentrations of gem 
citabine (p<0.05 ; ANOVA With Tukey test). Similar results as 
disclosed above are obtained When using a p53 (PT53) Wild 
type cell line other than the human lung adenocarcinoma 
A549, e.g. human MCF7 breast carcinoma cells (HTB-22; 
American Type Culture Collection). 

This procedure is repeated hoWever With the use of p53 
(TP53) mutated/de?cient tumor cell lines, e.g. PC3M human 
prostate carcinoma cells (seeded at a density of 0.8><103 cells/ 
100 pl) or MDA-MB231 human breast carcinoma cells 
(seeded at a density of 2x 1 03 cells/100 pl; HTB-26; American 
Type Culture Collection). No striking or consistent potentia 
tion of cell death is seen in p53 (TP53) mutated/ de?cient cell 
lines. 
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1 0 
A549 cells are seeded at a density of 0.1><106 cells/10 ml 

per 10 cm plates and incubated for 24 hours at 37° C. and 5% 
CO2. Cells are incubated With suboptimal concentrations of 
gemcitabine (e. g. 5 to 12.5 nM) either in combination With 20 
nM 40-O-(2-hydroxyethyl) rapamycin or With the vehicle 
control DMSO for an additional 72 hours. Cell extracts cor 

responding to 50 pg total protein are resolved by 8% SDS 
PAGE electrophoresis and immunoblot analysis is performed 
using rabbit polyclonal antibodies raised against Poly (ADP 
Ribose) Polymerase (PARP) (Cell Signalling Technology 
catalogue #9542). In this assay, the presence of the mTOR 
inhibitor, e.g. 40-O-(2-hydroxyethyl) rapamycin, causes 
increased PARP cleavage (a marker of apoptosis) at subopti 
mal gemcitabine concentrations (as compared to gemcitabine 
or the mTOR inhibitor alone at the same concentrations). This 
con?rms the above results that, in the p53 (TP53) Wild-type 
A549 cells, the presence of the mTOR inhibitor results in 
higher levels of cell death at suboptimal gemcitabine concen 
trations. 

EXAMPLE 2 

p53 (TP53) Wild-type human lung adenocarcinoma A549 
cells are seeded at a density of 5><103 cells/100 pl per Well in 
96-Well plates and incubated for 24 hours at 37° C. and 5% 
CO2. Cells are incubated With suboptimal concentrations of 
cisplatin (eg 3 to 10 pg/ml) either in combination With 20 nM 
40-O-(2-hydroxyethyl) rapamycin or With the vehicle-con 
trol DMSO for an additional 24 hours. The YO-PRO® assay 
is performed as above to determine cell death or cytotoxicity 
and, after cell lysis, the relative cell proliferation. In this 
assay, the mTOR inhibitor, e.g. 40-O-(2-hydroxyethyl) rapa 
mycin, causes a statistically signi?cant potentiation of the cell 
killing effect of suboptimal concentrations of cisplatin 
(p<0.05; ANOVA With Tukey test). Subsequent analysis 
using tWo -Way ANOVA indicates that the interaction betWeen 
RADOOl and cisplatin Was highly signi?cant (p<0.001). 
Similar results as disclosed above are obtained When using a 
p53 (PT53) Wild-type cell line other than the human lung 
adenocarcinoma A549, e.g. human MCF7 breast carcinoma 
cells. In the latter case, incubation With compounds is for 30 
hours. 

This procedure is repeated hoWever With the use of p53 
(TP53) mutated/de?cient tumor cell lines, e. g. PC3M (seeded 
at a density of 3><103 cells/100 pl) or DU145 (seeded at a 
density of 5><103 cells/100 plzHTB-81; American Type Cul 
ture Collection). The incubation With compounds in this case 
is 22 hours for DU145 or 30 hours for PC3M. No striking or 
consistent potentiation of cell death is seen in p53 (TP53) 
mutated/de?cient cell lines. 

A549 cells are seeded at a density of 0.1><106 cells/10 ml 
per 10 cm plates and incubated for 24 hours at 37° C. and 5% 
CO2. Cells are incubated With suboptimal concentrations of 
cisplatin (e.g. 0.5 to 4 pg/ml) either in combination With 20 
nM 40-O-(2-hydroxyethyl) rapamycin or With the vehicle 
control DMSO for an additional 24 hours. Cell extracts cor 
responding to 50 pg total protein are resolved on 8% SDS 
PAGE electrophoresis and immunoblot analysis is performed 
using rabbit polyclonal antibodies raised against Poly (ADP 
Ribose) Polymerase (PARP) and p53. In this assay, the pres 
ence of the mTOR inhibitor, e.g. 40-O-(2-hydroxyethyl) 
rapamycin, causes increased PARP cleavage (a marker of 
apoptosis) at suboptimal cisplatin concentrations (as com 
pared to cisplatin or the mTOR inhibitor alone at the same 
concentrations). This con?rms the above results that, in the 
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p53 (TP53) Wild-type A549 cells, the presence of the mTOR 
inhibitor results in higher levels of cell death at suboptimal 
cisplatin concentrations. 

The p53 (TP53) status predicts sensitivity of eg a tumor in 
a subject to a combination of an mTOR inhibitor With a 
cytotoxic agent. p53 status can be assessed using DNA, RNA 
or protein obtained from tumor tissue as disclosed in order to 
predict likely responsiveness to a combination of an mTOR 
inhibitor With a cytotoxic agent. 

EXAMPLE 3 

p53 (TP53) Wild-type A549 and MCF7 cells are seeded at 
a density of 0.3><106 and 0.4><106 cells/4 ml per 6 cm plates, 
respectively, and incubated for 24 hours at 37° C. and 5% 
CO2. Cells are incubated With suboptimal concentrations of 
cisplatin (e.g. 0.5 to 4 pg/ml) either in combination With 20 
nM 40-O-(2-hydroxyethyl) rapamycin or With the vehicle 
control DMSO for an additional 24 hours and 30 hours, 
respectively. Cell extracts corresponding to 30 pg total pro 
tein are resolved on 15% SDS-PAGE electrophoresis and 
immunoblot analysis is performed using mouse monoclonal 
antibodies raised against p21 (Oncogene Research Products, 
Clone EA10, catalogue #OP64). In both cell lines, cisplatin 
alone induces increased p21 protein expression in a concen 
tration-dependent manner. Strikingly, the presence of the 
mTOR inhibitor, e.g. 40-O-(2-hydroxyethyl) rapamycin, 
attenuates cisplatin-induced upregulation of p21 protein 
expression. In contrast, Bax protein expression, a p53-regu 
lated pro-apoptotic protein, is unaffected by either agent 
alone or in combination. In this assay cytotoxic-induced p21 
protein expression is inhibited by the presence of the mTOR 
inhibitor. This provides an explanation for the enhanced cell 
killing/apoptotic response observed With cisplatin and mTOR 
inhibitor combinations. 

EXAMPLE 4 

p53 (TP53) Wild-type A549 cells are seeded at a density of 
0.1><106 cells/ 5 ml per 6 cm plates and incubated for 24 hours 
at 37° C. and 5% CO2. Cells are left untransfected or tran 
siently transfected With 100 nM siRNA targeting either 
human p53 (Accession number: NM000546; target sequence: 
5'-GCA TCT TAT CCG AGT GGA A-3') or LacZ (Accession 
number: M55068; target sequence: 5'-GCG GCT GCC GGA 
ATT TAC CTT-3') control siRNA, using Oligofectamine (In 
vitrogen, Cat # 12252-011). After 30 hours incubation, cells 
are incubated With increasing concentrations of cisplatin (e.g. 
0.5 to 6 pg/ml) for an additional 24 hours. Cell extracts 
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corresponding to 30 pg (p21) and 50 pg (p53 and PARP) total 
protein are resolved on 15% (p21) and 10% (p53 and PARP) 
SDS-PAGE electrophoresis, and immunoblot analysis is per 
formed using mouse monoclonal and rabbit polyclonal anti 
bodies raised against p21 and p53/PARP, respectively. Cispl 
atin treatment of untransfected or LacZ siRNA control 
transfected cells induces p53 and p21 protein expression in a 
concentration-dependent manner, With evidence of PARP 
cleavage (a marker of apoptosis) at higher cisplatin concen 
trations (2 to 6 pg/ml). Strikingly, attenuation of cisplatin 
induced p53 protein expression occurs in the p53 siRNA 
transfected cells, Which correlates With a dramatic attenua 
tion of p21 expression, PARP cleavage and a loss of cell 
viability. The same effects on p53 expression, p21 expression 
and PARP cleavage are also observed With tWo other siRNA’ s 
targeting human p53 (target sequences: 5'-GGA AGA CTC 
CAG TGG TAA T-3' and 5'-GAT ATT GAA CAA TGG TTC 
A-3'). These data directly con?rm that the enhanced cell 
killing/apoptotic response observed With cisplatin and mTOR 
inhibitor combinations are elicited through p53-dependent 
mechanisms. 

EXAMPLE 5 

p53 (TP53) Wild-type A549 cells are seeded at a density of 
0.1><106 cells/5 ml per 6 cm plates and incubated for 24 hours 
at 37° C. and 5% CO2. Cells are left untransfected or tran 
siently transfected With 100 nM siRNA targeting either p21 
(Accession number: NM000389; target sequence: 5'-GTG 
GAC AGC GAG CAG CTG A-3') or LacZ (as above) control 
siRNA, using Oligofectamine (Invitrogen, Cat # 12252-01 1). 
After 30 hours incubation, cells are incubated With subopti 
mal concentrations of cisplatin (eg 1 to 2 pg/ml) for an 
additional 24 hours. Cell extracts corresponding to 30 pg 
(p21) and 50 pg (PARP) total protein are resolved on 15 and 
10% SDS-PAGE electrophoresis, respectively, and immuno 
blot analysis is performed using mouse monoclonal and rab 
bit polyclonal antibodies raised against p21 and PARP, 
respectively. Cisplatin treatment of untransfected or LacZ 
siRNA control transfected cells induces p21 protein expres 
sion in a concentration-dependent manner, With little evi 
dence of PARP cleavage (a marker of apoptosis). Strikingly, 
attenuation of cisplatin-induced p21 protein expression 
occurs in the p21 siRNA transfected cells, Which correlates 
With a dramatic induction of PARP cleavage. These data 
directly con?rm that attenuation of cytotoxic-induced p21 
protein expression is responsible for the enhanced cell kill 
ing/apoptotic response observed With cisplatin and mTOR 
inhibitor combinations. 

SEQUENCE LISTING 

SEQ ID NO 1 
LENGTH: 19 

TYPE: DNA 

ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Primer sequence 

<400> SEQUENCE: l 

gcatcttatc cgagtggaa 
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—cont inued 

<2ll> LENGTH: 21 

<2l2> TYPE: DNA 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Primer sequence 

<400> SEQUENCE: 2 

gcggctgccg gaatttacct t 

<2ll> LENGTH: 19 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Primer sequence 

<400> SEQUENCE: 3 

ggaagactcc agtggtaat 

<2ll> LENGTH: 19 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Primer sequence 

<400> SEQUENCE: 4 

gatattgaac aatggttca 

<2ll> LENGTH: 19 

<2l3> ORGANISM: Artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: Primer sequence 

<400> SEQUENCE: 5 

gtggacagcg agcagctga 

21 

19 

The invention claimed is: 
1. A method of selecting subjects suffering from a prolif 

erative disease for treatment With an mTOR inhibitor and a 
cytotoxic agent, said method comprising determining the sen 
sitivity of the proliferative disease to the treatment in said 
subjects by determining the presence of the Wild type p53 
(TP53) gene, a mutated p53 (TP53) gene, or the absence, 
de?ciency or deletion of the of p53 (TP53) gene and/or the 
level of expression/post-translational modi?cation of p53 in a 
sample derived from the subject, and selecting said subjects 
shoWing Wild-type p53 (TP53) status for treatment. 

2. A method according to claim 1, Wherein the mTOR 
inhibitor comprises rapamycin or rapamycin derivative. 

3. A method according to claim 2, Wherein the rapamycin 
derivative comprise 40-O-(2-hydroxyethyl) rapamycin, 40 
[3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate]-rapa 
mycin or 40-epi-(tetraZolyl)-rapamycin. 

4. A method according to claim 1, Wherein the cytotoxic 
agent is selected from an antineoplastic antimetabolite, a 

platin compound, an alkylating agent, a topoisomerase I or II 
inhibitor, a microtubule active agent and irradiation. 

5. A method for overcoming resistance to a cytotoxic agent 
in a subject treated With said cytotoxic agent, comprising 

determining the level of p21 expression in a sample derived 
from the subject, 

if p21 expression is upregulated after administration of an 
cytotoxic agent, administering to said subject an mTOR 
inhibitor in combination With the cytotoxic agent, 

determining again the level of p21 expression in a neW 
sample derived from the subject after the treatment With 
the combination of the mTOR inhibitor and the cyto 
toxic agent, and 

a p21 expression is doWnregulated, further treating the 
subject With the mTOR inhibitor either concomitantly or 
sequentially With said cytotoxic agent. 


